1. Introduction {#s0005}
===============

Diabetes mellitus (DM) comprises of a group of metabolic diseases characterized by impaired fasting glucose levels. Type 1 DM is juvenile onset diabetes in which the body does not produce insulin (insulin-dependent). Type 2 DM is more prevalent with 90% of adult cases being T2DM. T2DM may be insulin-sensitive or insulin-resistant. The pathogenesis of diabetes has been studied for several decades; however additional genetic and environmental factors interact to contribute towards this epidemic. Risk factors include BMI, smoking, family history, lifestyle and diet. There is overwhelming evidence linking obesity and diabetes [@bb0005], [@bb0010], [@bb0015], [@bb0020]. Within the obese population, patients show insulin-resistance though about 20% are insulin-sensitive. This is attributed to differences in oxidative stress and AMPK as well as inflammatory cytokines and SIRT1 in the adipose tissue of insulin-resistant subjects [@bb0025]. It is also known that some T2DM patients are lean. These epidemiological studies point to underlying genetic variations which may lead to onset of T2DM along with the known risk factors.

Long noncoding (lnc) RNAs have varied functions including signaling, molecular decoys, scaffolding and guiding ribonucleoprotein complexes. Multiple lines of evidence link regulatory lncRNAs to human diseases[@bb0030], [@bb0035], [@bb0040]. Sequencing of human genome determined that noncoding RNA accounts for 98% of the transcriptional output of the genome [@bb0045]. Noncoding RNAs are subdivided into transcription RNAs (rRNA and tRNA), long noncoding RNAs and short noncoding RNAs (miRNA, siRNA, snoRNA, snRNA). lncRNAs are \> 200 nt in length and have distinct structural and spatial features which allow it to bind to DNA, RNA or protein partners. Most studies were done in cancer cells where genome-wide association studies (GWAS) indicated that lncRNAs are important orchestrators of essential biological networks. LncRNAs are implicated in regulation of genes in cell growth and apoptosis, epigenetic regulation, transcription and translation, and splicing. lncRNAs are transcribed by all cell types however their expression levels are specific to the cell type. This provides a high degree of specificity for its target and mode of action in the biological system.

The lncRNA growth-arrest specific transcript 5 (GAS5) is a 5′-terminal oligopyrimidine class of genes which regulates cell growth, proliferation and survival [@bb0045], [@bb0050]. The biogenesis of GAS5 is established. GAS5 gene transcribes several snoRNAs as well as four splice variants of GAS5 mRNA. However, due to the presence of STOP codon, none of the transcripts are transcribed into protein and degrade via the nonsense-mediated decay (NMD) pathway when translation is initiated. The RNA levels of GAS5 are regulated by its degradation instead of regulation at its transcriptional level [@bb0055]. GAS5 is encoded at 1q25, a locus displaying abnormalities in a number of cancers such as melanoma, prostate cancer and SLE [@bb0060], [@bb0065]. GAS5 inhibits actions of rapamycin which is an mTOR inhibitor and this affects both leukemic and untransformed human T-lymphocytes [@bb0055]. It is down-regulated in breast cancer [@bb0075]. GAS5 acts as a riborepressor by repressing transcription of glucocorticoid receptor [@bb0080]. However, the role of GAS5 lncRNA in diabetes is not known. Here, we established a correlation of expression levels of the lncRNA GAS5 detected in serum to T2DM patients.

2. Methods {#s0010}
==========

2.1. Study population {#s0015}
---------------------

Informed consent was obtained from veterans receiving care at James A Haley Veterans Hospital, Tampa, FL under IRB approved study (\#Pro00012108). Serum samples are stored in the research bio-specimen repository (RBR). The de-identified and coded samples were provided to the PI along with research parameters such as age, gender, BMI (calculated as weight in kilograms/height in meter^2^), diabetic (determined as glucose levels \> 125 mg/dL; HbA1c \> 6.5%) or non-diabetic (determined as glucose levels \< 100 mg/dL; HbA1c \< 6.4%). To achieve statistical significance, serum samples from Caucasian male volunteers were used as they formed the predominant population volunteering their serum samples at the JAHVA at the time of initiation of this study. In addition, patients diagnosed with any form of cancer were not part of the study group. For this investigative study, 96 serum samples were analyzed (see [Table 1](#t0005){ref-type="table"}).

2.2. Quantitative Real-Time RT-PCR {#s0020}
----------------------------------

Total RNA was isolated from serum samples from diabetic or non-diabetic subjects using TRIzol LS according to the manufacturer\'s protocol (Ambion). For the array, cDNA was prepared from 1.5 μg total RNA using lncRNA Profiler array kit (System Biosciences, cat \# RA900A-1) according to manufacturer\'s instructions. Amplification was performed with 2X Maxima SYBR Green Masterwith ROX (Thermo Scientific) and data were analyzed using System Biosciences software to generate ΔΔCt values and calculate fold change. U6 snRNA was used as control to normalize calculations.

For GAS5 real time qPCR, 2 μg RNA was reverse-transcribed using Qiagen\'s RT kit. 2 μL of cDNA was amplified by real-time quantitative PCR using Syber (SYBR) Green on the ViiaA 7 system (Applied Biosystems) to quantify the absolute levels of the transcripts in the samples. GAPDH was used as the endogenous control. The primers used are: GAS5 sense primer 5ʹ- AGCTGGAAGTTGAAATGG -3ʹ and anti-sense 5′- CAAGCCGACTCTCCATACC -3ʹ; GAPDH sense primer 5ʹ- TGACGTGCCGCCTGGAGAAAC -3ʹ and anti-sense 5ʹ- CCGGCATCGAAGGTGGAAGAG -3ʹ. These primers were initially tested using cDNA and conditioned media from human preadipocytes in a RT-PCR reaction using Taq polymerase to give distinct products corresponding to the respective transcripts. Next, the optimal primer concentration was determined from a range of 50--900 nM for forward and reverse primers. The final concentration of 600/600 nM was selected to ensure efficiency and specificity for its target based on the dissociation curve that showed a single, sharp peak, indicating that the primers amplify one specific target. For absolute quantification, a standard curve was generated for each gene in every assay. To do so, 100--0.4 ng of GAS5 plasmid was used to obtain a standard curve correlating the amounts with the threshold cycle number (Ct values). A linear relationship (*r*2 \> 0.96) was obtained for GAS5 and GAPDH. Real-time PCR was then performed on samples and standards in triplicate. The plate setup also included a standard series, no template control, no RNA control, no reverse transcriptase control, and no amplification control. The dissociation curve was analyzed for each sample. Absolute quantification of GAS5 expression levels for individual samples was calculated by normalizing the values to GAPDH. The results were analyzed as described below. A level of p \< 0.05 was considered statistically significant. Significance was determined after three or more experiments.

2.3. Statistical analysis {#s0025}
-------------------------

Statistical analyses including sensitivity, specificity, positive predictive value, negative predictive value, likelihood ratios and area under the receiver operating curve analysis were performed using Stata, version 13.1 (*Stata Statistical Software*: *Release 13*. College Station, TX: StataCorp LP). The optimal cutoff point was calculated using the Cutoff Finder [@bb0060].

3. Results {#s0030}
==========

3.1. Expression of GAS5 lncRNA in serum {#s0035}
---------------------------------------

For phase I of our study we screened serum from five diabetic and non-diabetic subjects for their long noncoding RNA (lncRNA) profiles. Total RNA was isolated and profiles of long non-coding RNAs were evaluated. To do so, human LncProfiler (SABiosciences) array comprising of 84 lncRNAs with rigorous controls was used. We observed H19, HOTAIR, GAS5, ncR-uPAR, EGOb, antiPEG11 and lincRNA-21 expression in serum from these patients. Other lncRNAs on the array were undetected for Ct analysis. Amongst the detected lncRNAs in our array, we observe a marked decrease in GAS5 expression in diabetic samples compared to non-diabetic ([Fig. 1](#f0005){ref-type="fig"}). These results showed that lncRNA GAS5 was present in circulation in serum and its levels were significantly lower (p \< 0.0001 using unpaired t-test, PRISM™ software) in diabetic patients compared to non-diabetic samples. Expression of lncRNAs H19, HOTAIR, lincRNA-p21 which were reported by other studies to be associated with diabetes did not change significantly between the serum profiles of diabetic vs non-diabetic samples.

3.2. Analysis of serum samples {#s0040}
------------------------------

Next, we sought to evaluate circulating GAS5 levels in serum from non-diabetic and diabetic patients. Ninety six serum samples were obtained from Research Bio-specimen Repository (RBR) at the James A. Haley Veterans\' Hospital. To obtain statistically significant data, male Caucasian patients were selected from the volunteer serum sample pool. [Table 1](#t0005){ref-type="table"} shows demographics of the patients (IRB approved protocol \#Pro00012108). The prevalence of DM was 49% (95%CI: 39%, 59.4%).

RNA was isolated and SYBR Green quantitative PCR in triplicate was used to obtain absolute GAS5 levels. Our results show that GAS5 levels were significantly decreased in diabetic samples. Markedly, GAS5 levels were decreased in patients with HbA1c \> 5.9; these patients were not diagnosed as diabetic (cutoff HbA1c \> 6.5) in clinic ([Figs. 2](#f0010){ref-type="fig"}a, b).

A receiver operating characteristic (ROC) curve was generated for statistical analysis of GAS5 levels in these 96 samples. ROC is widely used to investigate a reasonable cutoff level of the target. The ROC curve displays the relationship of sensitivity and specificity for GAS5. ROC analysis of GAS5 revealed the area under curve (AUC) of 0.81 (95% Confidence Interval (CI): 0.72, 0.90) ([Fig. 3](#f0015){ref-type="fig"}). The optimal cutoff GAS5 was less than or equal to 10 ng/μl measured as absolute quantification by qPCR, and this value had the sensitivity of 85.1% (95% CI: 72.3%, 92.6%), specificity of 67.3% (95% CI: 53.4%, 78.8%), positive predictive value (PPV) of 71.4% (95% CI:57.8%, 82.7%), negative predictive value of 82.5% (95% CI: 67.2%, 92.7%), positive likelihood ratio test 2.61 (95% CI: 1.71, 3.96) and negative likelihood ratio test 0.22 (95% CI: 0.11, 0.45).

Our results indicated that individuals with absolute GAS5 \< 10 ng/μl have nearly twelve times the odds of having diabetes (Odds Ratio \[OR\] = 11.79 (95% CI: 3.97, 37.26), p \< 0.001). In clinic, individuals were classified as diabetic or non-diabetic based on their fasting glucose or HbA1c levels. The waterfall plot ([Fig. 4](#f0020){ref-type="fig"}) shows the classification accuracy of the optimal cutoff point for all 96 patients, as well as the overall odds ratio for GAS5 as a predictor of diabetes (OR = 0.75 (95% CI: 0.64, 0.87), p \< 0.001). When adjusted for patient BMI, age and blood glucose, the OR for GAS5 remained significant (OR = 0.80 (95% CI: 0.65--0.97; p = 0.025)).The analysis indicates taking GAS5 levels are correlated to prevalence of diabetes.

4. Discussion {#s0045}
=============

Diabetes mellitus is a complex disease. There are several approaches and drugs available to manage the disease. However, little is known about genomic input on susceptibility and prevention. In 2012, it was estimated that diabetes costs the nation \$245 billion, a 41% increase from costs incurred in 2007 (ADA study "Economic Costs of Diabetes in the US in 2012"). Further, 79 million people within USA have pre-diabetes and 1 in 4 individuals have un-diagnosed state of diabetes (CDCs 2011 Diabetes fact sheet). 25% of the veterans receiving care at VA hospitals have diabetes (Veterans\' Health Administration data, 2014). In addition, the veteran population has 3.8% higher prevalence of overweight and obesity, which are predominant causes of diabetes in adults, than the general US population.

This is the first report of circulating lncRNA GAS5 as significantly correlated with diabetes. We demonstrate that GAS5 levels are decreased in serum of diabetic patients. Our results also showed decreased levels of GAS5 in certain patients with HbA1c levels \> 5.9% and \< 6.4%. These patients are not diagnosed as diabetic in clinic. Our study demonstrates that individuals with absolute GAS5 levels of less than 10 ng/μl have almost twelve times higher odds of having diabetes. It is of great importance to identify a biofluid molecule that indicates a change in microenvironment that may result in increased potential of developing diabetes. Presently, diabetes risk assessments include BMI measurements, family history, lifestyle and diet questionnaires. Impaired fasting glucose is an indication of advent of diabetes which may be delayed by exercise and diet. However, no valid or confirmatory test exists that predict diabetes risk or state of pre-diabetes or explains the inherent individual differences to develop diabetes in adulthood. Such a non-invasive test in serum would enable early detection of at-risk individuals. This determination could be easily integrated into a primary care setting.

Studies have identified lncRNA sets in human pancreatic islets involved in glucose-stimulated insulin secretion [@bb0065], [@bb0070]. Other studies identified ANRIL and H19 lncRNAs in the pancreas playing a role in diabetes [@bb0075], [@bb0080]. HOTAIR lncRNA is expressed in gluteal adipose tissue[@bb0085]. LncRNA NEAT1 regulates splicing duringadipogenesis [@bb0090]. Our results showed that only some of the lncRNAs ([Fig. 1](#f0005){ref-type="fig"}) were consistently detected in our samples. Amongst those detected, except for GAS5, these lncRNAs did not change significantly between serum from non-diabetic subjects compared to diabetic subjects. This may be due to the fact that lncRNAs are often specific to the cell type. Additionally, the levels of lncRNAs within cells differ from its secreted levels. Most of the lncRNAs associated with diabetes are shown in pancreatic beta cells and are specific to the cell. Interestingly, GAS5 promotes apoptosis and is decreased in breast and prostate cancer cells where survival of tumors is the underlying function attributed to GAS5 [@bb0095], [@bb0100], [@bb0105], [@bb0110]. As mentioned in our subject demographics, patients with cancer were not included in this cohort of veterans. These examples further add to our knowledge of lncRNAs in that most lncRNAs including GAS5 are multi-faceted and its function and specificity are often dictated by the cell type. Secreted lncRNAs are encapsulated within microvescicles or exosomes and are protected from degradation by RNAses in the blood [@bb0115]. This is the first study to our knowledge that identifies and correlates level of circulating lncRNA GAS5 with T2DM. Serum and plasma are a rich source for noncoding RNAs; some of which are shown as circulating biomarkers for cancer [@bb0120], [@bb0125], [@bb0130], [@bb0135].

Our mechanistic studies are currently ongoing to decipher the role of GAS5 in onset of diabetes and its target gene. This clinical study lays the foundation towards deciphering the molecular mechanisms and genetic influences underlying the pathology of diabetes mellitus. Since lncRNAs are important regulators of gene expression, it will be interesting to identify the gene targets of GAS5 that influence diabetes. Interestingly, in the breast cancer studies, inhibitors of mTOR were used to increase GAS5 levels [@bb0100]; however inhibition of mTOR also interferes with carbohydrate metabolism and increases likelihood of developing diabetes [@bb0140], [@bb0145], [@bb0150]. Additional studies are required to delineate the role of GAS5 in diabetes.

We have undertaken a longitudinal study in collaboration with the RBR at JAH Veterans Hospital. This study will address the limitations of the current study such as state of insulin resistance and metabolic syndrome, equal representation of males and females, effects of overweight and morbid obesity, age differences as well as racial and ethnic differences. Patients with diagnosed state of cancer were not part of the study as it is documented that circulating lncRNA profiles are dysregulated in cancer.

In conclusion, we identified lncRNA GAS5 as a significant indicator of diabetes which can be easily measured in serum in a cohort of US military veterans. This study can be expanded to verify the model that GAS5 levels may predict onset of diabetes in adults. The design may be easily adapted to high throughput screening of samples in a diagnostic setting and further refining of diagnosis and prediction of T2DM can be achieved by combining GAS5 levels with other molecular markers of DM.
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![LncRNA profiler array was used to determine expression of lncRNAs in serum from diabetic (n = 5) and non-diabetic (n = 5) samples. RNA was extracted from serum samples, reverse transcribed and cDNA used in lncRNA Profiler (SBI). Average Ct was calculated for diabetic and non-diabetic samples, values normalized to hoU6 snRNA. Log graph shows fold change calculated as 2\^ − (Ct~(avDM)~ − Ct~(avNDM)~ × ΔCt~(geo\ mean)~). Analysis was performed by software from SBI.](gr1){#f0005}

![(a) Serum from non-diabetic (n = 49) and diabetic (n = 47) were analyzed for expression of GAS5 using qPCR. A standard curve was generated using 100--0.4 ng/μl GAS5 plasmid. Samples were normalized to U6snRNA. Graph shows absolute quantification of GAS5 (ng/μl) vs HbA1c. (b) Plot of mean (95% confidence interval) GAS5 and HbA1c levels by diabetic status. The confidence limits are mean ± 2 ∗ standard error.](gr2){#f0010}

![Receiver operating curve (ROC) was performed on GAS5 levels in serum from diabetic patients (n = 47) and non-diabetic patients (n = 49) to determine the optimal cutoff values. Area under curve (AUC) for GAS5 is 0.81 (95% CI: 0.72, 0.90); Sensitivity of 85.1% (95% CI: 72.3%, 92.6%), specificity of 67.3% (95% CI: 53.4%, 78.8%), positive predictive value PPV = 71.4% (95% CI:57.8%, 82.7%).](gr3){#f0015}

![The waterfall plot shows the classification accuracy of the optimal cutoff point for all 96 patients (diabetic (n = 47) + non-diabetic (n = 49) = 96), as well as the overall odds ratio for GAS5 as a predictor of diabetes (OR = 0.75 (95%CI: 0.64, 0.87), p \< 0.001).](gr4){#f0020}

###### 

Characteristics of patients in this study.

                  Non diabetic (n = 49)   Diabetic (n = 47)   P-value
  --------------- ----------------------- ------------------- ----------
  BMI             29.4 ± 6.6              34.8 ± 7.0          \< 0.001
  Age             66.9 ± 9.7              70.3 ± 9.1          0.09
  Blood glucose   102.8 ± 16.3            163.6 ± 61.3        \< 0.001
